Immunotherapy in the critically ill is an appealing notion because of the apparent abnormal immune and inflammatory responses seen in so many patients. The administration of a medication that could alter immune responses and decrease mortality in patients with sepsis could represent a 'magic bullet'. Various approaches have been tried over the last 20 yr: steroids; anti-endotoxin or anti-cytokine antibodies; cytokine receptor antagonists; and other agents with immune-modulating side-effects. However, in some respects, research along these lines has been unsuccessful or disappointing at best. The current state of knowledge is summarized with particular reference to sepsis and the acute respiratory distress syndrome.
Drugs that alter immune function have been used therapeutically for at least 50 yr. The most commonly thought of immune system modifiers or immunomodulators are the glucocorticoids (GCs), which are synthetic forms of the physiologically active hormone cortisol. These are used frequently in the intensive care unit (ICU) in conditions where anti-inflammatory action or immunosuppression is required. For example, some patients have immune disorders that require treatment with GCs and happen to be admitted to ICU because of a requirement for organ support (e.g. renal failure resulting from immune vasculitis). Occasionally, corticosteroids are used to help prevent reactions to certain drugs and blood products. In other patients, GCs and other more powerful agents (e.g. methotrexate and ciclosporin) are used specifically for their immunosuppressive actions in patients undergoing transplantation. New immunotherapy drugs targeted specifically at critically ill patients on the ICU include immunostimulants to reverse the immunoparalysis seen in some critically ill patients, and immunosuppressive treatments for conditions such as sepsis and acute respiratory distress syndrome (ARDS). Many clinical trials of such agents have been undertaken and unfortunately few have shown positive results, despite some of the drugs being used successfully in more chronic inflammatory conditions.
Other drugs are commonly used which have immunemodulating actions or side-effects but are not thought of as immunotherapy and include non-steroidal antiinflammatory agents (NSAIDs), histamine 2 (H2) receptor antagonists, anaesthetic or sedative agents, antibiotics, statins, and drugs given for analgesia including opioids.
Targets for immune modulation
The body possesses two main defences against infectionthe innate immune response and the acquired immune response. Mechanical barriers, the skin, mucous secretion, ciliary action, and gastric acid constitute the innate or non-specific response. If these barriers are crossed, then micro-organisms are destroyed by soluble factors, such as lysozyme and complement, and by phagocytosis.
Cytokines
Activation of the innate immune response results in an inflammatory response regulated by soluble molecules called cytokines. This group of molecules includes chemokines, interleukins (ILs), growth factors, and interferons (IFNs). They are low-molecular-weight secreted proteins which regulate both the amplitude and the duration of the immune response. They have a transient action which is tightly regulated. Cytokines are highly active at very low concentrations, combining with small numbers of high affinity cell surface receptors and producing changes in the patterns of RNA and protein synthesis. They have multiple effects on growth and differentiation in a variety of cell types with considerable overlap and redundancy between them.
Chemokines are a family of molecules characterized by four conserved cysteine residues, which stimulate chemotaxis of immune cells to sites of infection. IFNs (a, b, g) are a family of broad-spectrum antiviral agents which also modulate the activity of other cells, particularly IL-8 and platelet-activating factor (PAF), antibody production by B lymphocytes, and activation of cytotoxic macrophages. Growth factors regulate the differentiation, proliferation, activity, and function of specific cell types. The best known are colony stimulating factors which cause colony formation by haematogenic progenitor cells (e.g. granulocytemacrophage colony stimulating factor or GM-CSF).
In addition to the low-molecular-weight protein mediators, there are also lipid mediators of inflammation which include PAF and arachidonic acid metabolites. PAF is released from a variety of cells and primes macrophages to other inflammatory mediators and also causes alterations of microvascular permeability. Arachidonic acid metabolites also have profound inflammatory and vascular actions, and may regulate and be regulated by other cytokines.
Tumour necrosis factor (TNF) a has a central role in initiating the network of other cytokines and factors that make up the immune response to infection. The wide variety of effects is attributable to the ubiquity of the TNF receptor, the ability to activate multiple signal transduction pathways, and the ability to induce or suppress an array of genes including those for growth factors, cytokines, transcription factors, receptors, and acute phase proteins.
The biological activities of cytokines are regulated by specific cellular receptors often comprising multiple subunits providing phased stages of activation. Soluble cytokine receptors have been identified which compete with membrane-bound receptors, thus regulating cytokine signals. 74 In addition, some cytokines are also regulated by receptor antagonists. The receptor antagonist for IL-1 (IL-1ra) competes with cell receptors for IL-1, but when bound does not induce signalling. IL-1ra binds to cell receptors much more avidly than to soluble receptors, such that soluble receptors will have little effect on the inhibitory action of the receptor antagonist. IL-1ra is independently regulated by other cytokines as part of the inflammatory process. 21 
Progress of the inflammatory response
Severe infection leads to the appearance in the bloodstream of endotoxin or lipopolysaccharide (LPS) or similar bacterial products from Gram-positive organisms. This triggers the innate immune response leading to production of the inflammatory mediators, TNF, and IL-1. Secondary mediators, including other cytokines, prostaglandins, and PAF, are then released, with further activation of complement and the acute phase response, expression of adhesion molecules, 16 T helper (Th) cell selection, and antibody production (Fig. 1) . Figure 2 which is superimposed onto Figure 1 shows the various parts of the pathway that can be targeted as a potential for treatment and immune modulation.
Acquired immunity
Acquired, or specific, immune responses occur upon second exposure to an antigen, inactivating pathogens with the assistance of antibodies that can activate the complement system, stimulate phagocytic cells, and specifically target micro-organisms. The acquired immune response is further classified into humoral and cell-mediated immunity. The humoral component involves interaction of B lymphocytes with antigen and their proliferation and differentiation into antibody-secreting plasma cells. Antibody is the effector of the humoral response via binding to the antigen, neutralizing, and facilitating its removal. This process also activates the complement system.
A key feature of the adaptive immune system compared with the innate system is the increased diversity.
The major histocompatibility complex (MHC) is a tightly linked cluster of genes located on chromosome 6 and associated with intercellular recognition and discrimination between self and non-self. The MHC encodes antigens (in man, known as human leucocyte antigens or HLA), which play an important role in antigen recognition by T-cells, and determines the response of an individual to infectious antigens and hence their susceptibility to disease.
MHC and T-cells
Foreign protein antigens must be degraded into small peptides then moved to the cell surface and complexed with class I or class II HLA molecules and held on the cell surface in a peptide-binding groove in order to be recognized by a T-cell. This is called antigen processing and antigen display. Regulation of the MHC plays a fundamental role in the immune system, since alterations in the expression of class I or II molecules on the surface of cells can greatly affect subsequent immune responses by T-cells. T-cells recognize infection by binding intracellular or phagocytosed peptide antigen bound in the groove of HLA. The T-cell receptor specifically binds antigen and the HLA molecule. The result of this is gene transcription and T-cell proliferation.
T-lymphocytes consist of two subsets: Th cells which recognize class II MHC molecules and which produce IFNg and other macrophage-activating factors, and cytotoxic T (Tc) cells which recognize class I MHC molecules and also specific antigens. Th cells can be further classified according to the pattern of cytokines they produce.
Th cells are initially capable of production of many cytokines and are prompted into a more restricted and focused pattern of cytokine production depending on signals received at the outset of infection. Th1 cells secrete a characteristic set of cytokines (IL-2, IFNg, and TNFb) which push the system towards cellular cytotoxicity. Th2 cells are associated with humoral or antibodymediated immunity and typically release IL-4, IL-5, IL-6, IL-9, IL-10, and IL-13. Polarization of Th cells towards either a Th1 or a Th2 response can significantly influence subsequent immune responses. It has also been recently reported that there is an IL-23-dependent Th cell population which produces IL-17 but not IFNg or IL-4, the signature cytokines of Th1 and Th2 cells, respectively. This suggests a distinct third arm of T-cell effector repertoire: Th1, Th2, and Th17. Th17 cells are thought to have evolved to cope with a range of extracellular bacterial pathogens, and may be involved in autoimmune diseases.
Immunomodulation
Immunomodulatory drugs can either be immunosuppressants or be immunostimulants and can act upon different targets at different levels. They can act through inhibiting or increasing cytokine release, affecting cytokine receptor expression, or the response of cells to cytokines. They may affect phagocytic or cytotoxic actions of cells or regulate transcription or translation of protein mediators. Some drugs are used because they are immunomodulatory (e.g. GCs); some are given for another reason but happen to have effects upon the immune system which can be exploited (e.g. statins). Some are given to treat specific conditions but can have unwanted effects on the immune system (e.g. proton pump inhibitors). 85 Other treatments affecting immune function in the critically ill include blood transfusion, nutritional interventions, antibiotics, analgesia, and sedation. Immunomodulation can therefore occur intentionally, incidentally, or inadvertently. Recent and ongoing trials of such agents are shown in Table 1 .
Intentional immunomodulation Steroids
GCs are lipophilic and readily cross the cell membrane into the cell cytoplasm. Binding of GC to its receptor, GCR, results in translocation of the GC -GCR complex to the cell nucleus, where it has a variety of actions. Binding with GC response elements (GRE) on the promoter region of specific GC responsive genes results in activation of transcription and expression of several anti-inflammatory proteins. 8 The GC -GCR complex can also down-regulate inflammatory mediators such as cytokines, adhesion molecules, and enzymes, through effects on transcription factors such as nuclear factor kappa B (NFkB) and activator protein 1 (AP)- production of TNF and IL-6 by a specific effect at the mRNA level.
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Anti-cytokine therapies Both soluble receptors and monoclonal antibodies directed against receptors can be used to block the interaction of a cytokine with its receptor. This then prevents transduction of the appropriate biological signal in the target cell. The use of a recombinant soluble receptor might thus prevent the deleterious effect of excessive cytokine production. In addition to soluble receptors, monoclonal antibodies which block cellular cytokine receptors can be used as anti-cytokine therapy. However, it has been shown that in some cases, cytokine complexed to such binding proteins may be still available for receptor binding and thus act as agonists. 40 Another approach is to blunt the final common pathways of damage (i.e. using either agents which decrease free radical production or antioxidants which inactivate free radicals as they are produced).
Incidental or inadvertent immunomodulation Opioids
The immunomodulatory activity of opioids is by both a direct and an indirect action. A direct effect occurs through opioid receptors on cells of the immune system, whereas an indirect effect is via the central nervous system and the hypothalamic-pituitary axis. Morphine, for example, can increase plasma concentrations of corticotrophin-releasing hormone, adrenocorticotropin, and GCs. 14 68 The effects of the opioids and the cell types on which they have this effect are shown in Table 2 .
The direct action of opioids is thought to be predominantly at the m 3 receptor which is expressed predominantly on macrophages and other immune cells. Opioids such as fentanyl, alfentanil, and remifentanil are poor ligands for the m 3 receptor whereas morphine and its 6-glucuronide metabolite bind strongly. Binding to the m 3 receptor appears to induce immunosuppression by transcription factor stabilization of NFkB and AP-1 through an increase in cyclic adenosine monophosphate (cAMP) levels. This is associated with a concurrent up-regulation of the inducible cAMP early repressor/cAMP response element modulator and down-regulation of p-cAMP-response element-binding protein. 77 78 It appears to be particularly important in T-cells and has been studied because of the immunosuppression seen in morphine addicts, but it has also been suggested to be of importance in the immunosuppression seen in the critically ill. 81 
Sedatives
In vitro studies have shown that at clinically relevant plasma concentrations, propofol suppresses neutrophil chemotaxis, phagocytosis, and respiratory burst activity and thus decreases the ability of the cells to kill and clear bacteria. Benzodiazepines also suppress chemotaxis, adhesion of immune cells, phagocytosis, respiratory burst activity, and natural killer (NK) cell activity. It is thought that this action is via the peripheral benzodiazepine receptors which are found on neutrophils and monocytes. 27 In patients undergoing craniotomy, propofol anaesthesia prevented the decrease in Th1/Th2 cell ratio seen with isoflurane anaesthesia 36 whereas in those undergoing prostate surgery, spinal anaesthesia increased the Th1/Th2 cell ratio compared with general anaesthesia. 42 However, in patients with severe brain injury on ICU requiring longterm sedation, there was no difference between methohexital and propofol in terms of neutrophil function and various other aspects of immune status. 34 
Antibiotics
Many antibiotics are known to be immunomodulators acting on many immune cell types. Most evidence exists for the macrolides and the fluoroquinolones. These agents alter cytokine release in a stimulated cell culture model 26 29 83 and a recent work has examined the effect of three different fluoroquinolones on cytokine release in an acute lung injury model in mice. Bronchoalveolar lavage concentrations of TNF, IL-1, and macrophage inflammatory protein-2 in the ciprofloxacin-treated group were significantly lower than those of controls after an endotoxin challenge. This was coupled with an improvement in 96 h survival. 33 Non-steroidal anti-inflammatory agents NSAIDs are routinely used in the ICU. There is some in vitro evidence that NSAIDs differentially exert immunomodulatory effects on activated macrophages and lymphocytes. In patients undergoing major urological surgery, administration of diclofenac was associated with lower IL-6 and higher IL-10 concentrations, and lower leucocyte count, C-reactive protein concentration, and temperature. 46 Statins Data from experimental animal and human models of sepsis suggest that the statins may modulate inflammatory and immune responses associated with sepsis. Although there have been no randomized controlled trials to test the efficacy of statins to prevent or treat sepsis, observational data support the notion of a beneficial effect. A recent review highlighted the effects of statins on a variety of immune functions using in vitro cell culture models. 72 In 2310 patients undergoing non-cardiac vascular surgery, mortality was significantly lower in those patients receiving statins 39 and patients receiving therapy with statins may have a lower incidence of severe sepsis. 4 
Immunotherapy in sepsis
Despite considerable progress in general healthcare over the past decades, sepsis continues to be a major lifethreatening condition. Although overall survival rates improved between 1979 and 2000, the total sepsis-related mortality increased from 22 to 44 per 100 000 population in the USA. It has been suggested that the immune response which occurs during sepsis is the result of the interplay of two contrasting phenomena relating to inflammatory status. 13 The early phase, systemic inflammatory response syndrome, is characterized by excessive production of pro-inflammatory mediators (Fig. 3 ). This early response is then progressively suppressed by the development of the compensatory anti-inflammatory response syndrome. An intermediate phase, mixed anti-inflammatory response syndrome, has also been described. Table 3 shows the definitions of sepsis and septic shock. 12 Outcome from sepsis is not determined only by the infection but also by the intensity of the inflammatory response. This response is essential for the resolution of infection but may occur in an uncontrolled manner, causing damage. There is pronounced synergy and interaction of the components of the immune system such that either immunostimulation or immunosuppression may occur. Coordination is, therefore, vital for an optimum response and survival. 
Glucocorticoids in sepsis
The history of GC use in sepsis and septic shock has waxed and waned over the years. Initially, high doses for short duration were recommended and then lower doses for longer durations with tapering of the dose. As new evidence has become available, the indications for the use of GCs in patients with sepsis have been refined. In septic shock, GCs are thought to have effects on the immune response and on vascular responsiveness to catecholamines. The effect on the immune response is by a reduction in pro-inflammatory cytokine production and a reduction in the inflammatory response without causing immunosuppression. This is the result of effects at the transcriptional levels, causing a decrease in pro-inflammatory cytokine production and an increase in anti-inflammatory mediators, as described above. GCs also enhance vascular endothelial responsiveness to catecholamines by as yet unknown mechanisms, but suggestions include alteration in the prostaglandin or nitric oxide pathway, or an effect on the adrenoceptor itself. 5 6 Early clinical studies used high doses of methylprednisolone, betamethasone, or dexamethasone for ,24 h in patients with sepsis and septic shock. These studies were hampered by a lack of a definition of sepsis and septic shock and poor trial methodology. A study in 1976 showed a large mortality benefit from GC therapy, which was not replicated in other studies. 67 In 1992, the Infectious Disease Society of North America recommended that GCs should not be used in septic shock. Two independent meta-analyses from 1995 included nine 43 and 10 17 adequate studies of GCs in sepsis and septic shock. In the meta-analysis by Lefering, 43 the GC dose was equivalent to around 42 times that now routinely used (currently 200 mg day 21 of hydrocortisone), but nine of the 10 studies included only gave 24 h of therapy. Overall, there was no mortality benefit. There was also no difference in adverse events (gastrointestinal bleeding, superinfection, and hyperglycaemia) in the treatment groups. The other meta-analysis from the same year also found no statistically significant difference in mortality. 17 However, the conclusion was that there was a trend to increased mortality, when GCs were used in patients with overwhelming infection and septic shock. During the late 1990s, there was a resurgence of interest in GC use in septic shock but with lower doses of hydrocortisone being used. However, a subsequent meta-analysis in 2004 reported a link between higher doses of GCs and increased mortality. 52 This meta-analysis was conducted in two halves: published reports between 1988 and 2003 and those pre-1988. The MEDLINE search was performed using the terms glucocorticoids and survival or vasopressor requirements. The eight earlier trials showed a significant negative effect of steroids on survival whereas the five later trials showed a beneficial effect both on survival (although only modest, with confidence intervals of 1.01 -1.50 and P¼0.036) and vasopressor requirements.
More recently, smaller doses of corticosteroids, for longer periods of time with a tapering regimen, have become popular. The study by Annane and colleagues 6 changed practice in managing patients with septic shock, despite concerns such as the use of etomidate (known to suppress endogenous cortisol production), changes to inclusion criteria during the trial, and the fact that the only statistically significant results were from a post hoc subgroup analysis. The CORTICUS study published in 2008 has still not answered the question definitively as to whether steroids reduce mortality, as it was stopped early and had a lower than expected control group mortality and is therefore underpowered. 
Fig 3
The two phases of sepsis-an early pro-inflammatory phase follows onto a later anti-inflammatory phase. An ideal response occurs when these two phases are balanced (A). When there is an exaggerated early response, early mortality associated with shock may be the result; when there is an excessive later response, then immunoparalysis or immunosuppression may occur with later onset infections and multi-organ failure (B). At present, there is evidence that hydrocortisone therapy in septic shock reduces time to reversal of shock, but this has not shown a benefit in survival. The 2008 Surviving Sepsis Campaign guidelines still suggest considering hydrocortisone therapy (,300 mg day 21 , tapered once vasopressors have been stopped) in the patient with septic shock, if hypotension which is poorly responsive to fluids and vasopressors is present. 18 The evidence, however, is graded as weak and of low quality.
Anti-cytokine therapies
Most of these agents have been based on our improving knowledge of the biochemical signalling pathways which control the inflammatory and immune response to infection. These range from specifically targeted agents such as monoclonal antibodies directed against TNF, receptor blockers, and soluble receptors (such as IL-1ra, and sTNF-R), and colony stimulating factors, to more generally acting compounds such as lipid emulsions, statins, and insulin. To date, all trials using such agents have either not shown a beneficial effect or are still ongoing.
TNF has been targeted as a therapeutic modality in sepsis largely because it has been found to be elevated in almost all patients with sepsis. One of the first agents to be investigated was a monoclonal antibody to TNFa. This proved to be most efficacious in preventing the mortality of endotoxaemia in a primate model. 73 However, subsequent large studies in humans did not show a mortality benefit. 1 3 15 64 An initial North American study called NORASEPT enrolled 971 patients and showed no difference in mortality with the use of the monoclonal antibody to TNFa but did show a trend to an improvement in mortality in those patients who were shocked; this was most evident at 3 days. 3 An ongoing 'rest of the world' study (INTERSEPT) was changed to enrol only those patients with septic shock. In total, 564 patients were enrolled and again there was no mortality difference; although this time, there was a trend towards more rapid reversal of shock. 15 The follow-up North American study (NORASEPT II) enrolled 1879 patients with septic shock and again showed no mortality benefit (40.3% of trial compound patients died at 28 days vs 42.8% of those given placebo, P¼0.27).
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The therapeutic use of IL-1 receptor antagonist (IL-1ra) has also been studied, first, in an endotoxaemia model in rabbits, where a highly significant mortality benefit was seen, 56 and then in two large clinical trials, where no significant effect was seen. 25 57 The first reported study in 1994 looked at 893 patients with sepsis syndrome and showed no mortality benefit of recombinant human (rh) IL-1ra. 25 However, a retrospective analysis suggested that treatment with rhIL-1ra resulted in a dose-related increase in survival time in those patients with sepsis who had organ dysfunction (i.e. those with severe sepsis), a predicted risk of mortality of 24% or greater, or both.
A second study was conducted, which enrolled 696 patients with severe sepsis, but again mortality was similar in both groups (33.1% in the rhIL-1ra group vs 36.4% in the placebo group, P¼0.36). 57 The use of soluble TNF receptors has also been evaluated in sepsis, again with no clinical benefit. 24 Specific chemical antagonists (e.g. against PAF) have also been evaluated in patients with sepsis, again without effect. 19 58 75 The PAF receptor antagonist BN 52021 (Ginkgolide B) was evaluated in 262 patients with sepsis syndrome who received standard supportive care and antimicrobial therapy, in addition to the PAF receptor antagonist or placebo. The 28 day mortality rate was 51% for the placebo group and 42% for the PAF receptor antagonist group (P¼0.17). However, the efficacy of PAF receptor antagonist was significantly greater in patients with Gram-negative sepsis (test for interaction, P¼0.03). In a separate analysis of patients with and without Gram-negative sepsis, the 28 day mortality rate was 57% for the patients receiving placebo (30 deaths of 53 patients) and 33% for patients receiving PAF receptor antagonist (22 deaths of 67 patients; P¼0.01).
19 Like many studies performed both before and after this one, a post hoc analysis produced significant results. This prompted a study using a different agent, the PAF receptor antagonist BB-882, in 152 patients with sepsis. 75 The 28 day mortality was 45% in the placebo group and 53% in the treatment group, P¼0.32. But also most notably, there were no differences in circulating TNFa, TNF receptor, or IL-6 concentrations between the groups.
Activated protein C
The inflammatory and pro-coagulant host responses to infection are intricately linked. Infectious agents, endotoxin, and cytokines such as TNFa and IL-1b activate coagulation by stimulating the release of tissue factor from monocytes and endothelial cells. Up-regulation of tissue factor leads to the formation of thrombin and a fibrin clot. Although cytokines are capable of activating coagulation and inhibiting fibrinolysis, thrombin is capable of stimulating several inflammatory pathways. The end result may be widespread injury to the vascular endothelium, multiorgan dysfunction, and ultimately death. Protein C is an endogenous protein, a vitamin K-dependent serine protease, which promotes fibrinolysis, while inhibiting thrombosis and inflammatory responses.
Activated protein C (APC) can intervene at multiple points during the systemic response to infection. It exerts an anti-thrombotic effect limiting the generation of thrombin. As a result of decreased thrombin levels, the thrombin-mediated inflammatory, pro-coagulant, and antifibrinolytic response is attenuated. In vitro data indicate that APC exerts an anti-inflammatory effect by inhibiting the production of TNFa, IL-1b, and IL-6 by monocytes and limiting monocyte and neutrophil adhesion to the endothelium. Reduced levels of protein C are found in the majority of patients with sepsis and are associated with an increased risk of death.
Administration of APC was shown in the PROWESS trial to reduce mortality in patients with severe sepsis, 11 but the trial was criticized because of a lack of effect in all patient groups and excess side-effects. A similar repeat trial is underway. 23 Although it is accepted that APC has immunomodulatory effects and the PROWESS trial found lower circulating IL-6 concentrations in those patients treated with APC, other evidence is largely a result of in vitro studies. In vitro studies of LPS-stimulated human neutrophils showed that APC decreased chemotaxis and IL-6 production whereas other neutrophil functions were unaffected. 28 APC decreased NFkB binding at target sites in cultured endothelial cells and directly suppressed expression of p50 and p52 NFkB subunits and blocked downstream targets, including vascular cell adhesion molecule-1 and E-selectin. 38 Trials of other agents that act on the coagulation system (such as tissue factor pathway inhibitor and antithrombin) did not show a survival benefit. 2 
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Failure of immunomodulatory therapies in sepsis
Blockade of any single or combined inflammatory mediator may not be successful for a number of reasons. First, the immuno-inflammatory process is a normal response to infection and is essential not only for the resolution of infection but also for the initiation of other adaptive stress responses required for host survival (e.g. acute phase and heat shock responses). 60 Secondly, the profound redundancy of action of many cytokines means that there are many overlapping pathways for cellular activation and further mediator release. In addition, the synergism of actions and effects of many cytokines suggests that imbalance in the process of the immune response may be adversely affected by inhibition of a single agent. Exogenously administered anti-cytokine therapy may have hitherto unrecognized effects due to interaction with naturally occurring immunomodulators or their receptors. 40 Finally, the timing of any potential anti-cytokine therapy is clearly crucial. Strategies designed to predict the activation of specific components of the inflammatory response may thus be useful. It is also possible that specific cellular targeting of such therapy may be more beneficial than global inhibition. Preliminary animal studies suggest that the therapeutic use of antiinflammatory cytokines such as IL-10 and IL-13 may be beneficial in sepsis, although as yet there have been no confirmatory clinical studies. 53 The possible reasons for the lack of efficacy shown in the various trials have been enumerated and there has been much discussion about the continuing need for more studies. 54 Trials of drugs which have been used successfully to treat chronic inflammation and autoimmune diseases (for example, rheumatoid arthritis and inflammatory bowel disease) are of benefit and the agents are now in common use (examples include the anti-TNF drugs etanercept and infliximab and the IL-6 receptor antagonist tocilizumab). 30 In chronic inflammatory conditions, combined blockade of cytokines (e.g. TNF and IL-1) has been used with success and this may be another approach to the treatment of severe sepsis.
A study published in 2002 22 investigated whether a relationship between the risk of death and treatment effect could explain the disparate results between the preclinical and the clinical sepsis trials of a range of antiinflammatory agents published over the preceding decade. The preclinical studies showed that the treatment effects of the agents were highly dependent on risk of death (P¼0.0001) and that animals were almost always studied at significantly higher control mortality rates than that observed in humans [median (inter-quartile range), 88% (79 -96%) vs 39% (32 -42%), P¼0.0001]. Furthermore, analysis of the clinical trials showed that antiinflammatory agents were also significantly more efficacious in septic patients with higher risk of death (P¼0.002) and were harmful in those with low risk.
In fact, the paradigm of an excess pro-inflammatory response followed a few days later by an excessive antiinflammatory response in sepsis is now being questioned. In fact, there is little evidence to support this progression. In experimental sepsis in animals, there is a mediator surge within 6 h of the insult which peaks at about 12 h. In lethal sepsis, there is simultaneous release of both pro-and anti-inflammatory mediators into the circulation. 47 59 In addition, the pre-morbid state of the patient may be important; unlike animals, humans with sepsis may have been ill for days or weeks. In addition, in humans, the duration of treatment for sepsis has usually been limited to 24-96 h. Nasraway 54 detailed the potential reasons for the failure of the various trials and these are given in Table 4 .
Future of immunotherapy for sepsis
The point has been made that treatment with the correct antibiotic in a timely manner along with attention to tissue Table 4 The problems and challenges of immunotherapy in human sepsis 54 Runaway inflammation may not be responsible for the mortality of sepsis and therefore immunotherapy alone would not be expected to work. The wrong hypothesis Study design may have been flawed. Right question, wrong study design Given the complexity of the inflammatory cascade along with the inbuilt redundancy within the system means that either we need to know precisely which phase of the response the patient is currently in or we risk making matters worse. Or at best the patient is able to compensate because of the overlap between the various regulators of inflammation. Right question, wrong agent at wrong time Enrolment criteria have largely been based on non-specific clinical signs and have resulted in a mixed population to study. Right question, wrong target group perfusion will make more difference to outcome than any immunomodulator therapy. 35 41 Study design is clearly very important and larger numbers with more strictly defined entry criteria resulting in a more homogeneous study group may be needed. It may be necessary to establish at which stage in the inflammatory process, the patient is actually in, using perhaps bedside tests for cytokines and other mediators. If we accept that we cannot influence the inflammatory process up-stream, then perhaps we should modify matters downstream. 31 In an LPS -peptidoglycan rat model of the organ dysfunction that occurs during sepsis, treatment with an antioxidant targeted to mitochondria, MitoQ, resulted in lower levels of biochemical markers of acute liver and renal dysfunction. 44 MitoQ also reduced pro-inflammatory cytokine responses and increased anti-inflammatory responses in an endothelial model of sepsis. 44 These findings suggest that the use of mitochondria-targeted antioxidants such as MitoQ may be beneficial in sepsis.
Immunotherapy and ARDS
GCs are used in many pulmonary disorders in the critically ill. Of particular relevance are ARDS, pneumonia, and post-extubation stridor. GCs may also have a role in the management of acute respiratory failure due to asthma, chronic obstructive pulmonary disease, alveolar haemorrhage syndromes, acute lupus pneumonitis, bronchiolitis obliterans organizing pneumonia, radiation pneumonitis, and pulmonary drug toxicity. 37 However, for some of these conditions, this is controversial and based on limited evidence.
ARDS is a syndrome of pulmonary inflammation which can develop in response to a variety of factors in the critically ill. 9 79 ARDS has a mortality rate of 30-50%. 7 66 Pathologically, ARDS is divided into an early exudative phase (where the alveolar spaces fill with an inflammatory exudate of neutrophils and macrophages) and late proliferative phases (characterized by progressive pulmonary fibrosis).
Corticosteroids are attractive as a therapy in ARDS, as they should, theoretically, reduce inflammation and prevent late fibrotic lung disease. 50 In unresolving ARDS, Meduri and colleagues 51 demonstrated that methylprednisolone therapy suppressed the activity of NFkB, reduced production of the pro-inflammatory cytokines TNFa, IL-1b, and IL-6, and increased GC receptor-mediated activity.
The use of high-dose corticosteroids for a short duration in early ARDS was studied in the 1980s, with no evidence of a beneficial effect on mortality. 9 10 12 45 In a small randomized controlled trial published in 1998, Meduri and colleagues 49 70 A total of 180 patients were studied, and there was no difference in mortality at 60 days. The secondary outcomes of ventilator-free days, shock-free days, and ICU-free days were lower in the treatment group at 28 days. This was not maintained at 180 days, when there was an increased ICU readmission rate in the treatment group, perhaps related to the increased rate of neuromuscular weakness. The authors also studied the subgroup which commenced methylprednisolone therapy after 14 days of ARDS, and found an increased mortality (35% vs 8%) in post hoc analysis.
Meduri 48 has also studied the use of methylprednisolone 1 mg kg 21 day 21 for up to 28 days in ARDS of ,72 h duration. There were 91 patients included in the study, and there was a statistically significant difference in the number of patients with a reduction of one point in the lung injury score in the treatment group. More patients were ventilator-free at 7 days in the treatment group. Limitations of this study are the high proportion (66%) of patients who also had septic shock and the small sample size. GCs may have a role in the treatment of ARDS of ,14 days duration, when it can increase ventilator-free days and may reduce mortality. 61 This, however, is at the expense of increased infection rates, and regular surveillance by bronchoalveolar lavage should be considered if using GCs for ARDS.
Immunostimulation
The rationale for immunostimulation in the critically ill is based on clinical observations which suggest that during critical illness, host defence may be impaired and the susceptibility to infection increased; so-called anergy or immunoparalysis. 76 Several studies have shown that neutrophil function in such patients may be abnormal, including reduced migration, decreased superoxide anion production, and defective bacterial-killing. 71 Abnormalities such as these have been shown to be potentially reversible under the influence of G-CSF or IFNg. 20 71 However, G-CSF is potentially a double-edged sword; although augmenting neutrophil function, enhancing host defence, and improving microbial clearance, G-CSF may also worsen inflammatory tissue injury. 82 In several studies in patients either with complicated communityacquired pneumonia or with pneumonia and sepsis, G-CSF was not beneficial overall. 55 65 84 Two small clinical trials have been conducted investigating the effects of prophylactic G-CSF in non-neutropenic critically ill patients. In patients with major brain trauma or cerebral haemorrhage, prophylactic G-CSF increased circulating neutrophils and decreased the incidence of bacteraemia but did not decrease mortality rates, length of stay, or the incidence of nosocomial infection. 32 In another study, prophylactic G-CSF given over 7 days, although safe, also showed no benefit in decreasing nosocomial infections, mortality rates, or organ dysfunction. 62 In a small study of septic patients where IFNg was given to those with low monocyte HLA-DR expression, there was restoration of HLA-DR expression and in vitro LPS-induced TNFa secretion. Recovery of monocyte function resulted in resolution of sepsis in eight of the nine patients. These data suggest that IFNg treatment in carefully selected septic patients may be a useful therapeutic strategy. 20 
Conclusions
Like all therapies, immunomodulation has both beneficial and undesirable effects. The level of immunomodulation appears important-high dose vs low dose, short duration vs long duration; and the timing may well be crucial. It may be necessary to evaluate the stage in the inflammatory process that the patient is at and then tailor the therapy to the individual patient. It may also be necessary to use more than one agent at any time in a similar fashion to that used in chronic inflammatory conditions. Further, well-designed studies using a more focused patient group are required. Enhanced knowledge of the molecular biology of inflammation along with improved bedside testing techniques to evaluate patient response may also result in improved treatment modalities for these difficult to treat critically ill patients.
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